The undulator based beamline X13A at the National Synchrotron Light Source has been commissioned recently. The Xl3 undulator has an 8 cm period, and its first harmonic is in the energy range of 200-700 eV at the nominal ring energy of 2.5 GeV. The beamline uses horizontally deflecting optics. It consists of a Sic plane mirror, a water cooled entrance slit, a spherical grating, and two fixed exit slits. A flux of more than 1012 photons/s at 450 eV has been measured at X13A with an aluminum-oxide photodiode with a 200 pm entrance slit, a 500 pm exit slit, and a ring current of 242 mA. A VPa absorption spectrum recorded at X13A shows the monochromator resolving power is at least 1000 at -500 eV with 30 ,um entrance and exit slits, in agreement with calculations. The X13A beamline will be used for x-ray coherence studies, spectroscopy, and multilayer reflectivity measurements as well as for x-ray instrumentation diagnostics. Q 1995 American Institute of Physics.
INTRODUCTION
Third-generation synchrotron radiation facilities such as the Advanced Photon Source and the Advanced Light Source will provide extremely bright x-ray sources. Several of these will cover the soft and intermediate energy regions due to the broad applications in these energy ranges.r As a result, it is important to develop instrumentation to characterize the sizes, coherence, polarization, and intensities of the beams produced by these sources. In addition, due to the high tluxes and special energy regions to be accessed, new beamline optical components such as cooled mirrors, gratings, multilayer devices, crystals, slits, and so on need to be designed and tested. The availability of a bright x-ray source and beamline that addresses the energy region of interest is essential for the development of instrumentation for thirdgeneration synchrotron radiation facilities. Ideally, such a beamline ought be undulator based and have a flexible configuration, as well as meet the following criteria:
(1) 01 (3) (4) (5) high brightness for instrumentation and experiments requiring coherent flux; high flux for instrumentation with low inherent efficiency; high resolution for development of spectroscopy instrumentation; large tunable range for multilayer reflectivity measurements and x-ray detector tests; high and/or ultrahigh vacuum compatibility.
The soft x-ray miniundulator at the Xl3 beamline of the National Synchrotron Light Source (NSLS) at Brookhaven National Laboratory has served as a high brightness source of synchrotron radiation for a variety of instrumentation development programs. X13A, the latest branch built to take advantage of the miniundulator, is a versatile beamline designed for soft x-ray coherence, spectroscopy, and multilayer reflectivity measurements as well as x-ray diagnostics and instrumentation development. Installation of the X13A soft x-ray undulator beamline has recently been completed. In this paper we describe its layout and initial performance.
II. Xl3 MINIUNDULATOR
The miniundulator, previously at beamline X17-T, is located at beamline Xl3 at the NSLS. It was developed as a prototype for the Xl soft x-ray undulator. The detailed characteristics of the miniundulator have been reported elsewhere.' Briefly? it is a Halbach-type hybrid device with steel poles and SmCos magnetic material. It has a period of 8 cm and a total of 10 periods, each of which contributes radiation to a highly collimated photon beam. The spectral brightness of the miniundulator is approximately three orders of magnitude higher than that of a conventional bending magnet source.
The undulator magnetic gap can be adjusted from 32 to 90 mm, corresponding to a magnetic deflection parameter K of 0.17-2.47. The energies of the emitted beam are given" by
where Aa is the undulator magnetic period, y is the electron energy in the storage ring measured in rest mass units, 0 is the observation angle to the undulator axis, n is the harmonic number, h is Planck's constant, and c is the velocity of light. Consequently, the first harmonic covers an energy range of 200-700 eV at the nominal storage ring energy of 2.5 GeV. Figure 1 shows the spectral output of the undulator with a gap of 45.0 mm, where the first harmonic lies at 380 eV. The structures at 540 and 850 eV are the oxygen K edge and nickel L edges, respectively, due to the aluminum-oxide surface of the photodiode used to record the spectrum and the nickel coating on the grating of the beamline monochromator. The broad peak between the absorption edges is the second harmonic due to the nonzero electron-beam emit- tance. The spectral brightness of this device is about 1017 photons/s mm2 0.1% BW) at hv=400 eV with a current of 250 mA in the storage ring. The estimated horizontal and vertical full width at half-maximum source sizes and divergences at the same energy are 917 pm, 43 pm, 604 prad and 201 ,urad, respectively.
Ill. X13A BEAMLINE The Xl3 front end includes a fast valve, a water cooled 15mm-diam aperture, and a safety shutter. After the frontend shield wall there are three branch lines. The first vacuum chamber contains a mirror which is used to deflect the beam by 4" outboard of the centerline to the X13A line, by 2.9" inboard to the X13C line, or retracted to allow the beam to pass undeflected to the X13B line. The tank also contains a water-cooled copper beam stop with three apertures that only allows the beam to reach each of the branch lines.
Approximately one-third of the undulator beam is coherent in the vertical direction. In order to preserve the wave front of the x-ray beam while retaining high throughput, the X13A beamline employs horizontally deflecting optics. Figure 2 shows the beamline layout, which was reported elsewhere." A mirror located 12.9 m from the undulator deflects the beam onto the entrance slit of the X13A line. The mirror is a radiatively cooled silicon carbide flat, which can also be rotated for use with the X13C line.
The monochromator consists of an entrance slit, a spherical grating, and two exit slits. The included angle of the monochromator is 173.5". The entrance slit, fixed at 16.3 m from the source, is manufactured by McPherson. It is water cooled for thermal stability. The grating is made of fused silica and has a spherical figure with a 57.3 m radius of curvature. Fabricated by Jobin-Yvon, it has a groove density of 1200 lines/mm and 7-nm-deep grooves, which we coated IV. CONCLUSION Construction of the X13A beamline has been completed. The beamline produces a flux of more than 101* photons/s at -500 eV The monochromator resolving power is at least 1000 at this energy with 30 pm entrance and exit slits, in Agreement with the calculated performance. Upon upgrade of the beamline to include a water cooled, cylindrically figured Glidcop mirror to focus the beam onto the entrance slit, we expect to obtain higher flux at a similarly high spectral resolution.
The first experiment mounted on the X13A beamline is an x-ray intensity interferometer. This will be used to characterize the spatial coherence of the beam as well as to determine the size and shape of the source.4'g Soft x-ray spectroscopy, resonant scattering, and microscopy experiments are in the planning stages. The X13A beamline ably serves as a test bed for development of soft x-ray instrumentation and diagnostics for next-generation x-ray facilities. Figure 3 shows the calculated spectral resolution for the X13A monochromator as a function of photon energy for each exit slit.6 The dominant optical aberration is defocus, which limits the resolution in our case. The source size, slit sizes, and grating slope error are comparatively less significant except where defocus is small. The exit slit locations were chosen such that their respective energy tuning ranges are complementary.
The V L,,, edge photoabsorption spectrum of a VF, compound, taken at X13A, is shown in Fig. 4 . Due to the core level spin-orbit interaction, the 2p level splits into 2psj2 and 2p1,2 levels. The two main peaks at 515 and 520 eV are transitions from the 2p3/2 and 2pl12 to the unoccypied 3d levels. The crystal field as well as the spin-spin and spin-orbit interactions of the 3d electrons in the final state form the fine structure over and above the main peaks. The spectrum was taken with both entrance slit and second exit set to 30 ,um and the first exit slit wide open. The multiplet structure in the spectrum of Fig. 4 is partially resolved. By comparing the spectrum to results from the U4B beamline, we estimate the resolving power to be at least 1000 at the V L.,, edges.
Photon flux measurements at the exit slit of the X13A monochromator were carried out using an aluminum-oxide vacuum photodiode made by McPherson. This type of detector has been used previously with good results.2'8 We measured a peak intensity of more than 1O1" photons/s at 450 eV with the entrance slit set to 200 pm, the second exit slit set to 500 pm, and a ring current of 242 mA. This is enough spectral flux to perform low-efficiency experiments such as spin polarized x-ray photoelectron spectroscopy.
